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I  IN  I  KOlH  (  I  ION 

1.  Subject .  Ilk-  obici  I  dI  iln-%  iiiifsUi’ation  was  lo  ilfiflop  a  nifthoil  fur  thf 
lift  or iiunation  of  the  lolalilf  organic  content  ( \  ( K  I  of  water-basei!  paints  he  ini’ 
lornnilnli'il  to  conform  to  air-pollution  lfinsl.it ion 

2.  Backiirouiul.  Analytifal  niftlioils  tor  ilf tfrmination  of  \()(  1  in  protecliie 
foati nits  have  rccciieil  significantly  increased  finpltasis  sinff  tlif  enactment  o I'  perti- 
nf n t  air-pollution  regulations  Recent  approaclifs  to  thf  ilf tf nninalion  of  VOC  half 
utili/fil  hotli  prawniflrif  ami  pas-liijtml  chromatographic  niftlioils.  Onf  approach* 
ilftfriniiifs  total  volalilfs  as  a  pramne trif  weight  loss  at  an  flfiatfil  tf nipf ratine . 
V  <  K  is  ihfii  falfiilalfil  as  thf  difference  between  thf  wfiflil  loss  ami  thf  ivatfr  con- 
ti'iit  as  lie  to  mi  ineil  In  Karl  Tischcr  titration  or  In  pas-liquid  chroinatopraphy  (del. 

Ilowfiff.  lor  purpose's  of  quality  fontrol  lor  Military  protfftiif  matings, 
an  analytical  nifthoil  is  essential  lor  not  only  Ilk-  ilf  tf  nninalion  of  thf  total  \olatilf 
orpaniis  hut  also  thf  identity  ami  the  concent  rat  ion  ol  each  foniponfiit  in  thf  total. 

Ilia  niftlioils  previously  developed  ami  proven  satisfactory  for  thf  deter- 
nsin. ilion  ol  \ o l.» 1 1 If  oti'amfs  in  solvent  based  paints,  now  Ivins!  ivplaffil.  were  I'omul 
uiis.itist.k  tori  lor  water-based  paints,  partially  because  of  llif  increased  complexity 
ol  if hif If.  solifin  ami  pipinciit  sfp. nations. 

I  hf  l’.is  In 1 1 i kI  . hroniatoi’iaphif  nifthoil  lot  inlatilf  orsuttic  fonlfnl  ptv 
'fulfil  Iii'if  determines  \ isl.it ile  orpanifs  imlcpc ndenlly  ol  water  content  ami  is  satis- 
l.iclorv  loi  dele rnuniii:'  onunii  solifiit  foinpoiifiits  ol  water  hasfil  paints  used  lor 
Military  application  l  alike  previously  iisfil  proffiluivs.  this  oiif  ifi|uiri's  no  ilistilla- 
lion  prior  lo  uik'i  lion  into  thf  pas  liquid  i  hromelopraph 

II.  HI  I  Ml  S  Ol  I  I  SI 

.v  lias-1  it|iiiil  (  hnun.iti'uiaphii  (  nliimn  Prepare  a  ('-loot  In  I  vimli  stain 
lass  stea  l  ii'liiiim  pa.  k.-il  with  iluoniosorh  li'l  at)  1(H)  nifsli  (  omlttion  thf  lolunui 
at  (  tor  I  hours  w  nil  carrier  (  helium  >  I  low  ol  At )  nulhlitf  rs  pa i  inniutf 
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4.  Sample  Preparation.  Accurately  weigh  approximately  0.2  grant  ol  the  resin 
<ir  ionmt lalei!  paint  into  a  .'-inch  by  5/N-uich  test  tube  containing  two  drops  of  a  pre¬ 
selected  dispersing  solvent  such  as  N.N  dimethylformaimde.  n-decanol.  or  water. 
\dd  0 O'  grant,  accurately  weighed,  ot'  a  suitable  internal  standard  siielt  as  n-butyl 
alcohol  or  1.4  butanediol  \dd  4  drops  o t  the  dispersing  solvent  and  mix  thoroughly 
on  a  vortex-action  shaker .  Without  centrifuging  or  filtering,  mieel  2  nucroliters  of 
the  dispersed  material  into  the  gas  liquid  ehromatograph  and  opeiale  as  described 
m  paragraph  5 

5.  C  hromatographic  Conditions.  Program  the  instrument  so  that  the  initial 
column  temperature  is  I  50  V  with  an  immediate  increase  ol  A’  per  minute  to  2()0t,C; 
ill  e  column  temperature  is  then  held  constant  for  20  minutes.  I  se  a  thermal  eon 
duetivity  detector  temperature  of  .'OO’C.  injection  port  temperature  ol  220 C.  and 
earner  (  helium )  flow  rate  of  50  milliliters  per  minute 

6.  C  alculation-.  (  ouceiitration  l  x  of  a  solvent  component  is  calculated  as 

\  ",s 

(  x  \  \  i  \  ioo 


\\  hete 

\x  is  the  peak  area  of  the  solvent  component. 

\lsis  tiie  peak  area  of  the  internal  standard. 

W|v  is  the  weight  ol  the  internal  standard. 

\C  is  the  weight  of  the  resin  or  paint. 

I  i'  a  predetermined  correction  factor. 

Ill  DISC  bSSIl)\ 

7.  Results.  I  he  screening  ol  chromatographic  columns  indicated  C  'hromosorb 
|(i|  to  he  one  <’l  the  iiiok  suitable  column  packings  Irom  the  severely  limited  number 
ol  stationary  phases  that  are  not  degraded  by  the  water  present  in  the  lormulations 
ol  interest  |  hi'  lofumn.  selected  for  ilio  study,  exhibits  a  retention  time  of  less 
than  'll  minute'  tot  most  solvents  encountered  here  and  requires  only  mild  and  infre¬ 
quent  iw  ondilionme 


Table  1  shows  retention  tunes  on  the  C  hromosorb  101  column  of  the  sol¬ 
vents  which  can  be  used  in  water-based  coatings.  Retention  times  of  some  dispersants 
are  also  shown.  Water  is  eluted  very  early,  about  0.4  minute,  ami  generally  causes 
no  difficulty  in  peak  area  calculations  for  the  organic  solvents 


fable  I.  Retention  J  unes  of  Solvents  and  Dispersing  Agents 


Solvent  or  Dispersing  Agent 


Retention  Time  ( min  i 


Water 

Methanol 

Isopropanol 

l  thylene  glycol  monomethyl  ether 

n-Butyl  alcohol 

Ben/ene 

1-  thy  lone  glycol 

2- Nitropropane 

1  thylene  glycol  monoethyl  ether 

Propylene  glycol 

Toluene 

N.N  Dimethylformamide  (dispersing  agent) 
I’ropoxy  propanol 
I  thylben/.ene 
Xylenes 

Dimethysulfo.xiile  (dispersing  agent) 

1  thylene  glycol  monoethyl  ether  acetate 

T thylene  glycol  monobutyl  ether 

1 .4  But  il  i  i  C  *  Mol 

Isopropylbenzene 

Dictln  lene  glycol 

n-lleptanol 

n-Butylben/ene 

n-()ctano!  (dispersing  agent) 

n-Decanol  (dispersing  agent) 


0.4 

().<> 

1.2 

3.0 

s  ' 

*>  .  > 

3.0 

4.3 
4.(i 
43) 

3.0 

<>.7 

7.3 
M.O 

M.(i 

9.0,  9.8. 
10.8 
I  1.0 

12.4 

13.2 

13.4 
14  8 

13.3 

19.4 
21.0 
33.b 
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I  Ik-  method  was  demonstrated  on  as  broad  a  range  as  possible  of  the  cur¬ 
rently  available  resins  anil  water-based  paints.  Normally  the  supplier  of  the  resin 
or  paint  used  in  this  study  gave  insufficient  data  to  evaluate  the  method  for  reliability . 
Therefore.  to  determine  the  capability  of  the  method,  the  value  obtained  for  percent 
of  volatile  organic  content  was  compared  to  the  value  obtained  by  subtracting  the 
percent  water  content  by  AS  I'M  method  I  )3  7C>  2 .  from  the  percent  weight  loss  at 
I05°C  for  1  hour.  Theoretically,  the  two  values  should  be  equal. 

In  the  present  method,  neither  a  single  internal  standard  nor  a  single  sol¬ 
vent  for  dispersion  prior  to  injection  into  the  gas-liquid  chromatograph  could  be 
adopted  for  all  materials  tested,  f  igures  1  through  4  illustrate  the  application  of 
the  method. 

figure  I  is  the  chromatogram  of  a  commercially  supplied  dispersion  of  an 
aliphatic  urethane  resin.  The  material  was  satisfactorily  diluted  with  water  to  facili¬ 
tate  injection  into  the  gas-liquid  chromatograph.  The  chromatogram  for  this  resin 
dispersion  indicates  the  presence  of  one  original  solvent,  but  its  identity  is  unknown: 
its  retention  time  matches  none  of  those  determined  (  fable  1).  Assuming  a  correction 
factor  of  one.  the  total  volatile  organic  content  was  found  to  be  14.8  percent. 

I  lie  acrylic  resin  emulsion  represented  in  the  chromatogram  of  f  igure  I! 
was  dispersed  in  water  prior  to  injection  into  the  chromatograph.  The  major  solvent 
peak  has  the  same  retention  time  as  ethylene  glycol  monobutyl  ether.  The  peak 
near  3a  minutes  represents  an  unknown  volatile  organic,  flic  total  VOC  for  this 
water-based  paint  was  calculated  to  be  lb. 8  percent. 

I  he  chromatogram  in  f  igure  3  is  the  analysis  of  an  acrylic  modified  alkyl 
resin  dispersed  in  ti-ilecanol  lor  chromatograph  injection,  flic  major  organic  solvent 
was  found  to  be  ethylene  glycol  monolnityl  ether.  Total  VOC  was  determined  to  be 
33.3  percent 


figure  4  shows  the  analysis  of  a  water  dispersion  of  a  latex,  alkd-rcsin 
paint  fthylene  glycol  is  present  as  the  major  organic  solvent.  Total  VOC  was  found 
to  be  3.0  percent. 

I  he  results  of  this  investigation  are  summarized  in  fable  3.  The  description 
in  column  3  was  supplied  by  the  manufacturer. 


•'-I 

i  ; 
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MINUTES 

Figure  1.  Analysis  of  a  dispersion  of  an  aliphatic  urethane  resin. 
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Figure  2  Analysis  of  an  acrylic  resin  emulsion. 
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Figure  3.  Analysis  of  an  acrylic  modified  alkyd  resin. 
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\ssummp  the  methods  l'm  water  determination.  total  volatiles.  ami  \  (X 
In  pie  are  valid,  the  nnmerie.i)  difference  between  Ilu-  results  ol  Ilk-  Inst  two  methods 
should  Iv  equal  to  Ilk'  value  obtained  by  tile  third  method  I  hat  is.  corresponding- 
values  in  (he  last  two  columns  c»t  I  able  '  should  he  equal  I  \ammation  of  I  able  ' 
shows  that  \  <  >C  determined  by  difference  between  lolal  volatiles  and  v.  atet  content 
aerees  well  with  the  V(  >C  determination  In  -ek  with  the  cvceptioii  ol  two  materials 
Number  I.  Component  I.  and  Number  4  do  not  show  uereement  between  the  two 
methods  the  cause  of  the  discrepancy  is  not  known  Possibilities  lor  the  di'Ji-Tce 
men!  include  lesin  depradation  tor  the  v:k  method  or  vhenikal  reavlion  m  the  total 
volatiles  determination 

In  the  instances  where  Y(H  value  was  m  close  agreement  between  tin 
two  an  tlu'ds  validation  ol  the  pic  method  was  assumed.  Where  the  results  ot  tin- 
two  methods  disagreed,  it  was  oe  tie  roll  c  dilliciilt  ti>  arrive  at  aiiv  linn  conclusion 
!  ,o-a  i  > !  i  up  capability  ol  the  Y(  X  by  ek  method  because  ol  the  limited  information 
•  >u  the  piopnetaiy  materials 
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S  (  oiielusioiis  Itis.  oik  Itnled  that 

a  \  a,(s  hqu id  »  hioniai.kiaj'hn  u  thoil  toi  the  (k  tenmuatu'n  ol  vola 
iik  or-ame  content  was  demons', rated  lot  wat.-t  1  a  si  paints 

i-  |  In-  :i;  'iho,l  o  also  appln  bit  t  -  ih.  del eriiuiial ion  » > t  YO(  in  paint 
i , -sir.s  their  ilispetsions 

,  I  he  results  . q  this  mi  stiealion  support  (lie  reeommeinlation  that 
i-iis  ■  ,el  be  iik oi p, .rated  into  the  Military  Standards  Paint  li'stine  Handbook 

now  i.  ;ii"  developed 
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kisiiei 

SAKKI  I  NM.  Mi  W  I) 

Mel  lem  v 
SARK  1-0  A 
Roek  Island.  II  <•  I 

I  7  Commander 

l  S  Army  Armament  Reseated 
and  Development  Command 
MIN  DRDAR-1  C.  Mr.  I  Kelly 
DKDAR-I  <  A.  Dr.  Sliark.-ll 
DKDAR-I  Cl  .Dr.  Walker 
DRDAR  OAS.  Mi  I  I  H/ 
simmoiis  t  S  i 

DRD  AR  S(  M.  Ii.  .1  Come 
DRDAR  ISP.  Mi  II 
Nteplians 

DRDAR  INN.  (SUM  O) 
Cl 

Dover.  Nl  07701 

.’  Commander 

I  dee  wood  \  Rsenal 

MIN  DRDAR  (I  R.  Mi  Motila 

ri.irv 

DRDAR -DM  .  Di  Mam  its 
Aberdeen  Proving  0 round.  MD 
71010 


No.  Copies  Addressee 

7  Commander 

Water vltet  Arsenal 
A 1  I  N  DKDAR-I  (  II 

Mi.  I.  Morae/ewski 
SARWV-PPI,  Mi.  L.  Jette 
Walervlict.  NY  1  7 1 

4  l  ommandei 

1>S  Army  Aviation  KM)  Command 
A 1  I  N  DRDAV-l  X  I 
DRDAV-OR 
DRDAV-QP 
DRDAV-QI 
St .  I  orris.  MO  bo  I  (i(> 

7  Commander 

1  IS  Army  Tank-Automotive 
Researeh  and  Development  Cirnl 
Al  lN.  DKDTA-Ul..  Teeli  lib 
DRDTA  RCKM.  Mr.  S 
Goodman 

DRD I  A-RCk  I .  Mr.  J.  lax 
DRDTA-RI  AS.  Mr.  S. 
Catalano 

DRDIA-I  IM.  Mi.  W 
Moncriel 

DRDI  A-/ A.  Mr.  O.  Remus 
(Only  Inlrared.  I  Itiasoitie. 
oi  1  loloetaplne  Repot  is  | 
DRDI  A-i.A.  Mr.  C.  ked/ior 
Warren.  Ml  d.NO'it) 

I  Dneetor 

OS  Army  Industrial  llase  Tnemeerinu 
Activity 

A  I  IN  DRXIH  Ml.  Mr.  D.  Hum 
Roek  Island.  1L  b  I  7l)0 

I  (ommandei 

Ham  Diamond  Laboratories 
A I  IN:  Dl  l  III)  1DI 

Mr.  B.  I  .  Willis 
7S00  Powder  Mill  Road 
Adelpln.  MD  707S.I 


i: 


mi 


No.  Copies 

Addressee  No.  Copies 

Addressee 

-* 

Commander  I 

Commander 

US  Army  Test  and  Evaluation 

US  Army  Electronic  Proving  Ground 

Command 

ATTN.  STEEP-MT 

ATTN:  DRSTE-TD 

DRSTE-ME 

Ft.  Huachuca,  AR  85613 

Aberdeen  Proving  Ground,  MD  • 

Commander 

21005 

Jefferson  Proving  Ground 

ATTN:  STEJP-TD-I 

3 

Commander 

US  Army  White  Sands  Missile 

Madison,  IN  47250 

Range  * 

Commander 

ATTN:  STEWS-AD-L 

US  Army  Aircraft  Development 

STl'WS-ID 

Test  Activity 

STEWS-TD-PM 

ATTN.  STEBG-TD 

Wliite  Sand  Missile  Range.  NM 

88002 

Ft.  Rucker,  AL  36362 

1 

President 

I 

Commander 

US  Army  Armor  and  Engineer 

US  Army  Yuma  Proving  Ground 

Board 

ATTN:  Technical  Library 

ATTN:  ATZKOAE-TA 

Yuma,  AR  85364 

Ft.  Knox.  KY  40121 

1 

Commander  * 

President 

LIS  Army  Tropic  Test  Center 

US  Army  Field  Artillery  Board 

ATTN.  STETC-TD.  Drawer  942 

ATTN.  ATZA-BDOP 

Fort  Clayton,  Canal  Zone 

Ft.  Sill.  OK  73503 

4 

Commander  1 

Commander 

Aberdeen  Proving  Ground 

Anniston  Army  Depot 

ATTN:  STEAP-MT 

ATTN:  SDSAN-QA 

STEAP-TL 

STFAP  MT-M,  Mr.  J.  A. 

Anniston.  AL  36202 

Fcroli  ! 

Commander 

STFAP- MT-G,  Mr.  R.  L. 

Corpus  Christi  Army  Depot 

Huddleston 

ATTN:  SDSCC-MEE 

Aberdeen  Proving  Ground.  Ml) 

Mr.  Haggerty 

21005 

Mail  Stop  55 

Corpus  Christi,  TX  7841l> 

1 

Commander 

US  Army  Cold  Region  Test  Center  ' 

Commander 

ATTN:  STFCR-OP-PM 

Letterkenny  Army  Depot 

APO  Seattle.  Washington.  08733 

ATTN:  SDSLF-QA 

Chamhershurg,  PA  17201 

1 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN  STFDP-MT 

Dugway,  UT  84022 

13 


No.  Copies 
1 

1 


1 

1 

1 

1 

I 


Addressee 

No.  Copies 

Addressee 

Commander 

1 

Commander 

Lexington-Bluegrass  Army  Depot 

Tobyhanna  Army  Depot 

ATTN:  SDSRR-QA 

ATTN:  SDSTO-Q 

Lexington,  KY  40507 

Tobyhanna,  PA  18466 

Commander 

1 

Commander 

New  Cumberland  Army  Depot 

Tooele  Army  Depot 

ATTN:  SDSNC-QA 

ATTN:  SDSTE-QA 

New  Cumberland,  PA  17070 

Tooele,  UT  84074 

Commander 

1 

Director 

US  Army  Depot  Activity 

DARCOM  Ammunition  Center 

Pueblo 

ATTN:  SARAC-DC 

ATTN:  SDSTE-PU-Q 

Savanna,  1L  61074 

Pueblo,  CO  81001 

2 

Naval  Research  Laboratory 

Commander 

ATTN:  Dr.  J.  M.  Krafft,  Code  8430 

Red  River  Army  Depot 

Library,  Code  2620 

ATTN:  SDSRR-QA 

Washignton,  DC  20375 

Texarkana,  TX  75501 

3 

Air  Force  Materials  Laboratory 

Commander 

ATTN:  AFML-DO,  Library 

Sacramento  Army  Depot 

AFMl^LTM,  Mr.  E.  Wheeler 

ATTN:  SDSSA-QA 

AFML-LLP,  Mr.  R.  Rowand 

Sacramento,  C A  958(3 

Wright-Patterson  AFB,  OH  45433 

Commander 

9 

Director 

Savanna  Army  Depot  Activity 

Army  Materials  and  Mechanics 

ATTN:  SDSSV-S 

Research  Center 

Savanna,  1L  61074 

ATTN:  DRXMR-P (1 ) 

Commander 

DRXMR-PL  (2) 

DRXMR-M  (2) 

Seneca  Army  Depot 

DRXMR-MQ(l) 

ATTN:  SDSEE-R 

DRXMR-MI,  Mr.  Darcy  (1) 

Romulus,  NY  14541 

DRDMR-L,  Dr.  Chait(l) 

Commander 

DRXMR-RA,  Mr.  Valente  ( 
DRXMR-AG-MD  (1 ) 

Sharpe  Army  Depot 

DRXMR-X  (1) 

ATTN  SDSSII-QE 

DRXMR-PR  (1) 

Lathrop,  CA  95330 

DRXMR-T  (1) 

Commander 

Sierra  Army  Depot 

ATTN:  SDSSI-DQA 

Hcrlong,  CA  96113 

DRXMR-E  (1) 

14 

1  L>  I  2.519  Al.  Kt  HcK.ur 


